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Abstract 
Slotline switches are required for many slotline ap- 
plications, such as tunable slot antennas and slotline antenna 
feed networks. The current practice is to place a pin diode or 
MEMS de- vice across the slot to create a short circuit when the 
switch is in the OFF state. In this letter, a slotline short circuit 
series stub is incor- porated into a lattice circuit to achieve a 
switch with a theoretical 0 dB insertion loss, inﬁnite isolation 
and inﬁnite return loss over a narrow bandwidth. Measured 
results demonstrate a near zero in- sertion loss, approximately 
40 dB of isolation and greater than 15 dB return loss at 4.25 
GHz, with an approximate 40% bandwidth deﬁned by return 
loss and isolation greater than 10 dB. 
Index Terms—Lattice circuit, pin diode, slotline, switch. 
 
I. INTRODUCTION 
Slotline, while not as  commonly  used as microstrip or 
coplanar waveguide in microwave circuits, is used in antenna 
feed networks [1], slot and slotline antennas [2]–[5], 
metamaterial transmission lines [6], ﬁlters [7], couplers [8], 
and phase switches [9]. In many microwave circuits, switches 
are required to route the signal to the desired path or to change 
the characteristics of a circuit or antenna. The Butler matrix 
described in [1] did not incorporate the switches in the slotline 
circuit, but narrowband (6.5% bandwidth) switches with high 
isolation would have been needed for a system 
implementation. Typically, slotline switches are implemented 
with a single pin diode placed across the slotline, with the 
switch ON state being when the diode is unbiased and the OFF 
state being when the diode is forward biased, which creates a 
short circuit across the slot [5], [9]. However, in this 
implementation the ON state insertion loss is dependent on the 
diode zero-bias capacitance and the isolation is determined by 
the junction resistance and parasitic packaging capacitance. 
In this letter, a slotline short circuit terminated series stub 
and the same stub with a bridge connection at the T-junction, 
which creates a lattice circuit, are investigated. It is shown that 
the characteristics of the two circuits are opposite, or one has 
zero insertion loss when the other has inﬁnite insertion loss. 
This characteristic is then used to implement a slotline switch 
by incorporating a pair of pin diodes into the bridge connection. 
 
II. SLOTLINE SHORT CIRCUIT SERIES STUB ANALYSIS 
A slotline with series stubs terminated in short circuit, a slot- 
line lattice circuit based on the series stubs and with air-bridges 
connecting the opposite corners of the T-junction, and a novel 
slotline switch based on the lattice circuit are shown in 
Figs. 1(a), (b) and (c), respectively. The slot width and ground 
 
plane width are denoted as s and g, respectively. In this letter, 
the following assumptions are made: (1) Since g/s is chosen to 
be >10 only the dominant slotline odd mode propagates, which 
allows placing a virtual electric wall (ew) along the center of 
the slotline and the series stubs, (2) parasitic reactance of the 
T-junctions, short circuited series stubs, and wire bonds are 
small enough to be neglected in the analytical model, and (3) 
the slotline and the series stubs have the same slot width, s, 
and characteristic impedance  . These assumptions are made 
to better understand the physics of the circuit operation. 
The lattice circuit shown in Fig. 2 is used to model the circuit 
in Fig. 1, where    is the input impedance of the short circuit 
series stub seen from the T-junction and  is the impedance of 
the bridges. The impedance matrix of the lattice circuit is [10] 
 
(1a) 
 
(1b) 
 
The impedance matrix may be converted to S-parameters 
 
(2a) 
 
(2b) 
 
Consider two special cases,          and        , or the cases  
of no bridges as shown in Fig. 1(a) and the case of lossless, 
electrically short bridges as shown in Fig. 1(b). If  
 
(3a) 
 
(3b) 
 
And if  
 
(4a) 
 
(4b) 
 
The superscripts    and    on    indicate the series stub and the 
lattice circuits, respectively. Finally, since the stubs are short 
circuited and all parasitic reactance is neglected 
                               (5) 
where   is the length of the stub and  is the propagation factor 
of the slotline odd mode. Using (5) in (3) and (4) 
 
(6a) 
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Fig. 1. Schematic of (a) slotline short circuit terminated series stub, (b) slotline
short circuit terminated series stub with bridge connection at the T-junction, (c)
slotline switch based on lattice circuit.
Fig. 2. Schematic of lattice circuit.
(6b)
(6c)
(6d)
If the length of the series stub is , or , it is ob-
served in (6b) and (6d) that and . Similarly,
if or , and , which is expected
for the lattice circuit because the bridge wires are equivalent to
short circuit across the slot if the stub is not there. Finally, from
(6d) and intuitively by studying Figs. 1(b) and 2 with
Fig. 3. Measured (solid) and calculated (long dash) characteristics of the short
circuit terminated stub.
and , there is an 180 phase shift at the junction for the
lattice network at the passband.
III. EXPERIMENTAL VERIFICATION
The slotline circuits were fabricated on alumina with a rel-
ative permittivity of 9.7 and a thickness of 0.38 mm. The s
and g are 0.3 mm and 4.8 mm, respectively. The stub lengths
are 11.430 mm, which is about quarter guide wavelength at 4
GHz. For the lattice circuit in addition to the stubs, wire bonds
are used to connect the opposite corners of the T-junction, and
for the switch circuit PIN diodes (MACOMMA4P404-132) re-
place the wire bonds. The slotline circuits do not have a lower
ground plane and hence during characterization they are placed
on a 3.175mm thick quartz wafer and supported on a foamwafer
chuck. The circuits are characterized using ground-signal (G-S)
probes. A two-step calibration is performed; ﬁrst a short-open-
load-thru (SOLT) coaxial calibration is performed and then a
through-reﬂect-line (TRL) on wafer calibration is performed.
Fig. 1 indicates the location of the reference planes after cali-
bration.
Figs. 3 and 4 show the measured and analytical character-
istics calculated from (6) of the short circuit terminated series
stub and lattice circuit, respectively. It is observed that there
is good agreement between the measured and calculated char-
acteristics, especially considering that the analytical model ne-
glects parasitic reactance of the T-junction, short circuit, and
wire bonds, and as seen in the photograph of the switch in Fig. 5,
the wirebonds have different lengths and shapes for the lattice
circuit and higher order modes and losses are neglected. Also,
it is known that GS probe measurements are not as accurate as
GSG probes due to the nonsymmetrical feeding of the two ports,
which excites the undesired even mode and causes more ripple
in the measurements.
The measured isolation is as high as 25.6 dB for the
series stubs with short circuit terminations, which occurs when
the stub lengths are approximately quarter guide wavelength.
For the lattice circuit, the measured insertion loss is as
small as 0.5 dB and the best return loss is greater than
16 dB. These results indicate that with the lattice circuit as a
building block, it is possible to realize a switch that has near
perfect isolation and negligible insertion loss.
Fig. 4. Measured (solid) and calculated (long dash) characteristics of the short
circuit terminated stub with bridge connection at the T-junction.
Fig. 5. Photograph of the lattice switch showing the two diodes and wire bonds.
Fig. 6. Measured S-parameters of slotline lattice connected switch with pin
diodes at .
IV. SLOTLINE LATTICE CIRCUIT SWITCH
The switch is realized by replacing in Fig. 2 with PIN
diodes; the diodes are attached to the corners of the T-junction
as shown in Fig. 5. Fig. 6 shows the measured characteristics of
the switch. In the OFF-state, the diodes are unbiased and the iso-
lation is as high as 39.6 dB. In the ON-state, the diodes
draw a total of 75 mA and the minimum insertion loss
and the highest return loss are about 0.25 and 20 dB, respec-
tively. The phase shift through the switch in the ON state is
180 . There is a slight shift in the characteristics with frequency
between the two switch states due to the parasitic capacitance
and resistance of the PIN diodes that were not accounted for
in the simple analytical model and because the wirebonds that
connect the diodes have different length and shape, whichwould
be eliminated in an IC implementation. Note that the wirebonds
should not be seen by the circuit when the diodes are not biased
so their parasitic reactance will have minimal affect on the cir-
cuit. The small insertion loss of 0.25 dB includes measurement
errors, diode resistive losses, and slotline conductor losses. If
the bandwidth is deﬁned by 10 dB return loss and isolation, it is
39%, which is the same as the passive circuits with wire bonds.
V. CONCLUSION
A slotline short circuit series stub and the same circuit with
a bridge circuit across the T-junction are analyzed, where it is
seen that the transmission and reﬂection coefﬁcients of the two
circuits are opposite. Using this fact, a switch is implemented by
placing pin diodes in the bridge circuit and changing between
the stub circuit with and without the bridge circuit. The switch
has near zero insertion loss and high isolation and return loss.
The same concept may be implemented in coplanar stripline or
ﬁnline. When implemented with IC fabrication with airbridges
that have similar shape and length and diodes that are placed
at the junction corners, the switch results are expected to be
improved.
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